Two approaches to the problem of measuring humidity at high altitudes are described. The first consists of the adaptation of the principle of gas chromatography to the separation of minute amounts of water from air. The laboratory experiments and apparatus are described.
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INTRODNJCTION
The basic purpose of the initial phase of the contract was to conduct theoretical and experimental studies of a gas chromatographic device suitable for measuring the water content of the atmosphere. We were primarily interested in finding the sensitivity and accuracy to measure the minute quantities of water in the stratosphere and mesosphere. Any instrument or design for this purpose has to be compatible with the weight, size an4 power limitations of the smallest possible meteorological carriers.
Other investigations were also included in this initial and exploratory phase. The possibility of using chromatographic techniques for the measurement of other atmospheric constituents, (e.g., ozone, HDO, HTO, CO 2 , and C 1402) were to be explored.
The main application of the desired instrument is the measurement of stratospheric humidities Recent data show that anomalously high humidities exist above the tropopause (1, 2, 3) . This increase of mixing ratio with altitude can be attributed to any one or a combination of the following:
1. The production of water by a chemical reaction of the proton-rich solar wind with oxygen in the atmosphere and a corresponding downward flux. (4) 2. The ablation of meteorites and comets near the atmosphere due to the probable large amounts of water in such bodies (re., personal discussion, Prof. E. Anders of Chicago). Once again, a downward flux results.
3.
Thin stable lamina (Danielsen layers), known to transport warm air and radioactive dust. (5) 4. Ice clouds in the region of the tropical tropopause, perhaps too thin to be visible, carried away by the high troposphere divergence of the tropics.
5. Supersaturated air transported via the same mechanism as (4) . This would require transport times shorter than times required for crystal growth.
The purpose of this report is to summarize the work accomplished and to relate this work to the above problems and to future work. In particular, the progress on the use of a gas chromatograph and the design of a new hygrometer utilizing a chromatographic packing will be described.
II. BASIC CHROMATOGRAPH STUDIES
Early in the research program, it was necessary to decide whether to build a specialized chromatograph or to purchase a commercially available instrument and adapt the latter to our measurements. Because of the availa- Larger sample volumes can be used to extend the sensitivity perhaps as much as one order of magnitude. Ten cc sample loops for the gas sampling valve are currently being tested. Typical chromatogram; air-water separation.
Results obtained to date with these new sample volumes indicate that a longer column and elution time are necessary and that overloading of the packing may occur.
Because the hot-wire detector must not be exposed to an oxidizing environment when operated at high sensitivity, it was necessary to install a bypass valve so that the air peak would not be detected. On the basis of the experimental work to date, we have arrived at a design for an automatic chromatographic hygrometer. Because of the several different operations that must be performed in one cycle, the heart of the instrument is a multi-port valve. Figure 3 shows schematically the flow diagram for this instrument as well as the valving sequence.
Several problems can be anticipated during operation of such an instrument. First, the valving scheme must be designed with an absolute minimum of dead volume to insure proper operation of the chromatograph.
Second, the effects of large sample volumes at low pressures must be investigated. It is possible that pressure or density variations caused by the compression of the sample to the pressure of the carrier gas might upset the balance of the detector for a period of time greater than the elution time. This effect could probably be removed by proper design of the bypass system. 
In order to study stratospheric humidity measurements, it is necessary to have both a source of low relative humidity and some means of measuring it. For this purpose, we have fabricated a flow system that will provide mixing ratios between 10-6 and 10-3 gH20/g(air).
This device depends on the mixing of two streams of air; one has been dessicated to a high degree with a Molecular Sieve, the other has been saturated with water vapor over an ice-water mixture. In order to measure the humidity produced by the above source, a
Beckman Instruments IR-8 infrared spectrophotometer with a ten meter to ten centimeter variable path gas cell has been ordered. Because of the narrow band pass available and because of the variable path, it will be possible to use the Beer Law for adsorption. On wider band pass instruments it is necessary to resort to more complicated optical absorption laws. This instrument will be installed as part of the calibration flow system so that accurate humidity values will be taken continuously during the calibration of chromatographic or adsorption hygrometers. Cross section, thin liquid layer Hygrometer utilizing chromatograph packing.
limit to 10-3 or 10"4 mb, thus making stratospheric humidity measurements possible. These improvements will consist mainly in electronic revisions and temperature control of the detector.
In operation, this device could be used in three different ways:
1. In thermal equilibrium with the surroundings, the device provides exact relative humidity data. A small detector could possibly be attached to the intake of the present Regener photochemical ozone sonde. This installation would provide relative humidity data on the intake portion of the cycle, and, since the airflow passes over a P205 dessicant, a zero calibration on exhaust.
2.
If the device were enclosed in a temperature controlled chamber and if the air flow were passed through a heat exchanger at the same temperature, then PT would be fixed (see equations 3 and 4) so that vapor pressure would be measured.
3. If the capacitor were part of a null circuit, it would be possible to use the out-of-balance signal to control the temperature of both the instrument and the air flow so that a vapor pressure balance could be maintained. This technique would alleviate the need for accurate capacitance measurements; the temperature of the device being a sufficient measurement for the determination of humidity.
VI. LITERATURE SURVEY
A literature survey was inaugurated during the first month of the contract. The topics of interest were limited to subjects pertinent to the contract, namely: 
